The distribution of glycogen, DNA and histone, and localization of activity of ten enzymes such as glucose-6-phosphatase (G-6-Pase), cytochrome oxidase (CCO), lactate dehydrogenase (LDH), 5'-nucleotidase (5'-NT), succinate dehydrogenase (SDH), glucose-6-phosphate dehydrogenase (G-6-PDH), alkaline phosphatase (ALP), acid phosphatase (ACP), Mg 2+ -adenosine triphosphatase (Mg 2+ -ATPase), and cholinesterase (CHE) in Oncomelania hupensis (Gredler, 1881) snails, the intermediate host of Schistosoma japonicum, was surveyed using the histochemical and enzyme-histochemical techniques. The results showed that the glycogen with high activity was widely distributed in snails. DNA showed its strongest reaction in testis. The histone was distributed in sites of the radula, parenchyma of penis and ovary. LDH and SDH were widely distributed in snails and all were abundant. Sites of the strongest enzyme activities of G-6-PDH were evident in the reproductive system together with central ganglia. Only the ovary showed a strong enzyme activity of G-6-Pase. Most tissues and organs contained CCO, and the activity of this enzyme was very strong. 5'-NT showed a strong enzyme activity in the ovary and testis. Mg 2+ -ATPase was localized in sites of the liver, stomach and reproductive gland. A strong enzyme activity of ALP appeared in the digestive system. ACP showed a low activity in snails. The central ganglia, nervous stem, liver, branchial duct, epithelia of the head and foot regions showed a very strong enzyme activity of CHE. The findings could provide a theoretical basis for development of highly effective molluscicides with low toxicity to other biota, as well as means for novel snail control strategies.
Schistosomiasis japonica, a snail-borne parasitic disease, remains a major public health concern in China . The geographic distribution of Oncomelania hupensis (Gredler, 1881) , the intermediate host of Schistosoma japonicum, defines the areas of China where S. japonicum is endemic (Zhou et al. 2005) . The control of snails is currently a main strategy used to control the transmission of the disease in the Chinese National Schistosomiasis Control Programme (Wang et al. 2009a, b) .
The ecology, biology and morphology of O. hupensis has been described clearly (Davis 1968; Wang et al. 1989a, b; Wang and Song 1991) , and there are many histochemical and enzyme-histochemical studies that attempted to explore the biological mechanism of actions of molluscicides using O. hupensis as study materials , Tan et al. 2009 , Wang et al. 2009 ). However, relatively little work has been carried out on the physiology and biochemistry of snails and most studies used tissue homogenates of snails, thus the detailed distribution of biochemical components in the snail remains unclear. The distribution and localization of various enzymes in the soft body of normal healthy snails, would provide an understanding of the characteristics of metabolism and physiological status of O. hupensis, and could be of great importance for the development of better and more specific *Corresponding author: wxliangyousheng@yahoo.cn molluscicides and to development of new approaches for control of snails. This study was designed to investigate the distribution of glycogen, DNA and histone, and the localization and activities of ten enzymes, namely glucose-6-phosphatase (G-6-Pase; EC 3.1.3.9), cytochrome oxidase (CCO; EC 1.9.3.1), lactate dehydrogenase (LDH; EC 1.1.1.27), 5'-nucleotidase (5'-NT; EC 3.1.3.5), succinate dehydrogenase (SDH; EC 1.3.99.1), glucose-6-phosphate dehydrogenase (G-6-PDH; EC 1.1.1.49), alkaline phosphatase (ALP; EC 3.1.1.1), acid phosphatase (ACP; EC 3.1.3.2), Mg 2+ -adenosine triphosphatase (Mg 2+ -ATPase; EC 3.6.1.3), and cholinesterase (CHE; EC 3.1.1.8). The glycogen, DNA and histone, and ten enzymes were determined in the soft tissues of O. hupensis snails using histochemical and enzyme-histochemical techniques.
Oncomelania hupensis snails were collected from the rural marshland of Yanziji, Nanjing City, Jiangsu Province, China. Snails were transferred to the laboratory and raised for 4 weeks at a temperature of 25°C. Each snail was tested twice for natural infection using the cercarial shedding method (MOH 2000) . Since none of the snails had natural infections, active adult snails with 7~8 whorls were used for the subsequent experiment. Shells were crushed and the shell parts removed from the soft tissues under a dissecting microscope. Undamaged soft tissues were selected for the following experiments.
Some samples of soft tissues were fixed in 100% ethanol for glycogen, or in Carnoy's fluid for DNA for 6 hours, embedded in paraffin wax and cut into sections. Glycogen and DNA in these sections were then stained with the periodic acid-Schiff (PAS) reaction (Chayen et al. 1973) . In brief, the sections were immersed in 1 mol/L HCL first for 60 min at 60°C and then for 1 min at 4°C, and then in Schiff's solution for 60 min before washing with aqueous solution of sodium hydrosulfite and distilled water. This procedure left any DNA in the sections stained in magenta color. Other soft tissues were fixed in calcium formaldehyde, prepared by adding 4 g calcium chloride into 100 ml 4% (v/v) formaldehyde solution, for 24 hours at 4°C before being embedded in paraffin wax and sectioned. After dewaxing, the sections were placed in a 5% (w/v) aqueous solution of trichloroacetic acid for 15 min at 100°C , then washed in 70% ethanol and water before being stained with 0.1% Fast Green FCF for 30 min at 22°C. This left basic protein, i.e., arginine and lysine, in the sections stained in spring green color.
The fresh soft tissues, without fixation were frozen for 15 min on a freezing microtome (LEICA CM1850, Nussloch, Germany) before continuous sections were cut. The activities of cytochrome oxidase (CCO; Zhong 1989) and lactate dehydrogenase (LDH; Zhong 1989), 5'-nucleotidase (5'-NT; Wachstein and Meisel 1957), glucose-6-phosphatase (G-6-Pase; Culling 1974) and succinate dehydrogenase (SDH; Nachlas et al. 1957) in these tissues were then determined. For other enzymes, the soft tissues were fixed in calcium formaldehyde prepared by adding of 4 g calcium chloride to 100 ml 4% formaldehyde solution, cooled to 4°C for 24 hrs. After freezing for 15 min, 10-µm thick cryostat sections were cut using a freezing microtome (LEICA CM1850, Nussloch, Germany). The activity of alkaline phosphatase (ALP) in the tissues was determined by Culling's method (1974) , the activity of acid phosphatase (ACP) by Bancroft's method (1975) , Mg 2+ -adenosine triphosphatase (Mg 2+ -ATPase) by Wachstein's and Meisel method (1957) , and cholinesterase (CHE) by the "direct-coloring" thiocholine method (Karnovsky and Roots 1964) . After rinsing in double distilled water, air drying, dehydrating in a series of ethanol, and dimethylbenzene hyalinization, tissue sections were enveloped with neutral balata for microscopical examination. Each parameter was tested by examining 10~15 snail tissue sections.
Our findings demonstrated that glycogen showed high activity and was widely found in snails (Fig. 1) . The strongest activity of DNA appeared in testis (Fig. 2) , while some other sites showed a moderate reaction. The most active sites of histone in snails were the radula and envelope in the digestive system, and the parenchyma of the penis in the reproductive system (Fig. 3) . A low enzyme activity of G-6-Pase was shown in the stomach, digestive gland and accessory gland duct; however, a marked increase appeared in the ovary (Fig. 4) . Most tissues and organs of O. hupensis contained CCO with strong enzyme activity (Fig. 5) . Both SDH and LDH were abundant in most tissues of snails (Figs 6 and 7) . Tissues of the ovary showed a strong enzyme activity of 5'-NT, and a moderate reaction for the enzyme appeared in testis. Sites of the strongest enzyme activities of G-6-PDH were evident in the ovary, testis, sperm duct and ganglia. ALP was only localized in the sites of the digestive gland, stomach, intestine and the head and foot regions, with low enzyme activity. For ACP, only the digestive gland, epithelia of the stomach and the testis showed some enzyme activity. A strong enzyme activity of Mg 2+ -ATPase was apparent in the sites of the digestive gland, stomach, ovary and testis. In snails, the head and foot regions, digestive gland, the branchial duct and ganglia showed a very strong enzyme activity of CHE (Fig. 8) (Table I) .
Histochemistry, as a hybrid discipline, represents a borderline among histology, cytology and biochemistry. Histochemical techniques, as well as enzyme-histochemical techniques, can be used to investigate the localization, activity and variation of biochemical constituents and enzymes in organisms, while the basic structure of cells or tissues remains intact. Enzyme-histochemical studies on normal snails would provide a basis for description of physiological status and characteristics of metabolism of snails (Gössner 2002) . Currently, histochemical studies on snails have been used to study the reproductive physiology of snails (Liang et al. 1994) , mechanisms of snail control through environmental improvement (Song and Liang 1997) , development and mechanisms of action of molluscicides and synergists (Dai et al. 2001 , Wang et al. 2009 ), as well as mechanism of snail resistance to parasitic infection (Li et al. 1997 ). The enzyme-histochemical studies would provide enzyme targets which would be of great importance to design and develop novel highly effective molluscicides with low toxicity to other biota. The distribution of glycogen is coincident with the metabolism of tissues, and therefore considered as the conservation mode of energy. Those tissues with high metabolism, like kidney, parotid and ovary, generally have abundant glycogen. It was reported that glycogen appears to be localized widely in O. hupensis (Li 1956 ). The localization of glycogen demonstrated in the present study is in accordance with the findings of Wang et al. (1989b) . It is considered that the upper segment of the accessory gland of snails is an albumin gland whose secretions play an important role in formation of snail eggs (Li 1956 ). A strong enzyme activity was apparent in upper segment of the accessory gland and its contents, and no marked decrease in activity of the enzyme was found after salivary digestion. It is indicated that the secretions of the accessory gland, which appears to be combined together glycoproteins, are important structural components of snail eggs. For the testis of snails, which produces male spermatoblasts, plenty of nucleic acids are necessary during the spermatozoa formation. Our findings showed that the genetic material DNA, was rich in all spermatoblasts of testis, which were closely associated with their functions (Claveria and Etges 1988) . Histones are involved in formation of chromosomes and relate to regulation of protein synthesis, and therefore, receive much attention (Beijing Medical University 1978). The physiological importance of histones in O. hupensis, particularly in ovary, should be further studied.
It is considered that, G-6-Pase joins the protein synthesis and glycogenolysis. This enzyme showed high activity in the ovary where formation and development of snail eggs take place. SDH, an important dehydrogenase, is regarded as a marker enzyme exhibiting the status of tricarboxylic acid cycle (Liang et al. 1994 , Yang et al. 2004 . It has been shown that SDH is widely distributed in the reproductive, respiratory, digestive, nervous systems, with high activities. The existence of citric acid metabolism enzymes suggests that tricarboxylic acid cycle is widely present in snails (Wang and Song 1991) . O. hupensis is an amphibious prosobranch snail (Caenogastropoda, Rissooidea), these snails absorb oxygen through their ctenidium. Wang et al. (1989a) used cadmium oxide, an oxidative phosphorylation inhibitor, to inhibit the internal respiration of snails, and this caused high mortality. It was reported that mortality of snails was up to 46% when exposed to hypoxia for 32 h in summer (Chen et al. 1980) . In vitro experiments showed that aerobic oxidation energy supplied to tricarboxylic acid cycle was the most important pathway for snails to gain energy and it was of great significance to the survival of snails. It has been proved that LDH, SDH and CCO, all located in the mitochondrial respiratory chain, are associated with oxidative phosphorylation (Weinbach and Garbus 1969) . LDH plays an important role in the last step of glycolysis, and is a "marker" enzyme in the biological anaerobic glycolysis pathway (Liang et al. 1994 , Yang et al. 2004 . The distribution of LDH in snails was similar to that of SDH. CCO, a terminal enzyme of electronic transfer in the respiratory chain which is associated with cellular aerobic meta- bolism (Liang et al. 1994) . Like SDH, CCO is also an enzyme located in the mitochondrial membrane. Our findings showed that CCO is widely distributed in O. hupensis tissues and a strong enzyme activity appeared. It is suggested that, besides tricarboxylic acid cycle enzyme system, respiratory chain enzyme system is also present in snails. It is estimated that a whole process of biological oxidation can be completed in snails. The fact that snails can still survive for a period in a complete anoxic environment, is believed to be related to the role of the enzyme LDH (Wang et al. 2009 ). However, LDH showed a low enzyme activity in heart tissue of O. hupensis, and whether its energy supply originates from glycolysis should be further investigated. Mg 2+ -ATPase is the key enzyme to utilize ATP. The sites of liver, stomach, gonad, and head and foot regions of snails showed a strong activity of this enzyme, which suggests that the energy metabolism of tissues associated with survival and reproduction, is very active. The distribution of this enzyme in tissues is closely associated with their physiological functions. G-6-PDH, an enzyme catalyzing the pentose phosphate pathway, is related to the synthesis of nucleotide coenzyme and nucleotides (Zhong 1989) . 5'-NT, a marker enzyme for chorion, exists in lysosome and Golgi apparatus and is involved in the functions of degradation of nucleic acid and transportation of nucleotides via envelope (Chen 1982) . Both, G-6-PDH and 5'-NT showed a strong enzyme activity in gonads of snails, indicating that metabolism of nucleic acid in the gonad is very active. It should be investigated how to utilize the metabolism characteristics to control the snails and to interrupt Schistosoma japonicum transmission.
It was considered that ALP plays a role in absorption, transportation, excretion, calcification and nucleic acid metabolism of tissues (Moog 1946) . However, it was also thought that ALP, localized in the mantle of bivalves, was related to secretion of enzymes and proteins, but not to calcium absorption (Beedham 1958 , Kado 1960 . The enzyme activity appeared mainly in the digestive gland, and in epithelia of the head and foot regions of snails. It is concluded that the enzyme in digestive gland is related to absorption and excretion of nutrition materials, and that in epithelia of the head and foot regions are related to the mucus that can excrete proteincontained components.
CHE, an enzyme that is widely distributed in vertebrates and some invertebrates, is involved in many physiological functions like transfer of neurotransmitters, muscle motion, material metabolism, etc. CHE in different tissues of snails may have different physiological significances. CHE showed strong activity in ganglia and nervous system, and it is suggested that in nervous system of snails, acetylcholine may be a neurotransmitter. The activity of CHE in the nervous system is an important reference for the property and function of neural cells (Liang et al. 1994 , Yang et al. 2004 . It was reported that the enzyme activity of CHE in animal viscera represented the energy reserve status, functions in protein synthesis and collective irritability in animals (Harper et al. 1975) . A strong activity of this enzyme was also seen in the liver of snails, indicating that the liver of snails has a great potential for protein synthesis. The embryo cells in daughter sporocysts of S. japonicum develop, maturate and shed a lot cercariae, which is related to the liver (i.e., a nutritional environment) of snails. The branchial duct and epithelia of the head and foot regions are the direct contacting sites with the outside environment. Beside the strong enzymatic activity of CHE, the association of CHE with synthesis of numerous mucins for excreting mucus as related to the stress response, self-restoration after getting rid of the adverse environment or other causes, should be further studied.
